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Rgglrelzposnhglrllgii ESEJSS A reactor system for decontamination of water by photolytic 
Attornéy at La“: ' oxidation utilizing near blackbody radiation, the system 
Twin Oaks of?ce Plaza comprising (1) a reaction chamber de?ning an internal space 
477 Ninth Avenue Suite 112 with an inlet and an outlet; and (2) a plurality of broadband 

, . . . . 

S M t CA 94402485 4 Us radiators for generating radiant energy With wavelengths 
an a EU’ ( ) between about 150 nm and about 3 pm, the broadband 

(21) APPL No. 09/805 568 radiators disposed within the reaction chamber such that a 
’ suf?cient dosage of broadband radiation deeply penetrates 

(22) Filed; Man 12, 2001 the water matrix and irradiates the contaminants and/or the 
oxidant within the internal space of the reaction chamber 

Related US, Application Data thereby causing photolytic oxidation of the contaminants. In 
a preferred embodiment, residual hydroxyl radicals in the 

(63) Continuation-in-part of application No. 09/356,112, form of hydrogen peroxide or similar oxidants are formed in 
?led on Jul. 16, 1999, now Pat. No. 6,200,466. the contaminated water, thereby decreasing the need for use 
Continuation-in-part of application No. 09/35 6,112, of adjunct chemical or other oxidants. In a preferred embodi 
?led on Jul. 16, 1999, now Pat. No. 6,200,466. ment, the plurality of ?ashlamps have a minimum spacing 
Continuation-in-part of application No. 09/356,112, between about 12 inches and about 24 inches. A preferred 
?led on Jul. 16, 1999, now Pat. No. 6,200,466. embodiment of the invention delivers ultraviolet radiation 
Continuation-in-part of application No. 09/356,112, having a continuum of wavelengths between about 260 nm 
?led on Jul. 16, 1999, now Pat. No. 6,200,466. and about 265 nm to the water, the radiation having a depth 
Continuation-in-part of application No. 09/356,112, of penetration into the water matrix greater than between 
?led on Jul. 16, 1999, now Pat. No. 6,200,466. about 40 times, and about 50 times that of a mercury vapor 
Continuation-in-part of application No. 09/356,112, lamp which exhibits atomic line or other non-continuum 
?led on Jul. 16, 1999, now Pat. No. 6,200,466. radiation at primarily 254 nm. 
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DECONTAMINATION OF WATER BY 
PHOTOLYTIC OXIDATION/ REDUCTION 

UTILIZING NEAR BLACKBODY RADIATION 

FIELD OF THE INVENTION 

[0001] The present invention relates to decontamination of 
Water, and more particularly to methods and apparatus for 
decontamination of groundwater, surface Water or Waste 
Water through the use of a highly ef?cient ?ashlamp or other 
source of high peak poWer, high average poWer, broadband, 
continuum output ultraviolet (UV)-rich blackbody or near 
blackbody radiation for rapidly and ef?ciently reducing 
and/or oxidiZing (redox-ing) contaminants, including 
organic and inorganic molecules and for microbial steriliZa 
tion of groundWater, surface Water or Waste Water. 

BACKGROUND OF THE INVENTION 

[0002] Abundant quantities of clean, fresh Water have long 
been available in the United States. The unfortunate intro 
duction of pesticides, pathogens, and highly volatile gaso 
line components, such as MTBE, into the aquifers of many 
drinking Water systems is noW a serious constraint to eco 
nomic expansion in developed countries, and a matter of 
survival for 20% of the World’s population. As an example, 
the US. Environmental Protection Agency announced Nov. 
26th, 1997, that it Will be issuing a neW health advisory citing 
cancer data and drinking Water contamination relating to 
MTBE, and Will recommend maximum levels as loW as 5 
parts per billion in drinking Water. There exists a need for 
cost effective method to reduce MTBE levels to meet these 
standards. 

[0003] Current Water puri?cation technologies, including 
distillation, reverse osmosis, and carbon ?ltration usually 
produce suitable Water quality, but their high capital, oper 
ating and maintenance costs have limited their use to only 
those situations Where Water shortages are most extreme or 
Where cost is less important. Water contaminated With 
pesticide or gasoline contaminants are especially dif?cult 
and costly to remove With conventional technologies. 

[0004] The $5.5 billion annual WorldWide Water puri?ca 
tion market is groWing, depending on market segment 
betWeen 5% and 25% per year. Thirty-three percent (33% or 
$1.8 billion) is for puri?cation of fresh Water for commer 
cial, industrial and residential use. Waste Water reclamation 
and re-puri?cation, currently about $1.0 billion annually, is 
the fastest groWing segment. The overall market demand is 
currently constrained by the high cost of Water puri?cation 
products. Availability of loW-cost alternatives could cause 
the market to reach $18 billion by the year 2002. 

[0005] Both advantages and disadvantages of the prior art 
technologies are summariZed beloW: 

[0006] Vapor compression (VC), including distillation 
technology systems are positive on drinking Water for both 
pathogen and chemical contamination remediation, remove 
total dissolved solids (TDS) and are excellent for desalin 
iZation. DraWbacks include a relatively high price, a gener 
ally large siZe, non portability and fairly complex construc 
tion and operation. 

[0007] Reverse osmosis (RO) removes TDS With a rela 
tively simple mechanism. Removal of non-volatile organics 
and pathogens is easy. HoWever, the systems are subject to 
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contaminating product Water if feed Water pressure and 
turbidity are out of operating parameters, involve a high 
price rate, does not remove dissolved organic compounds 
and are complex and sophisticated. 

[0008] Air stripping (AS) is generally the least expensive 
form of Water remediation and is fairly good at removing 
volatile organics. HoWever, these systems are also large, 
very noisy and unsightly, do not remove non-volatile organ 
ics, do not remove pesticides or pathogens, depend on 
ancillary technology, like the use of granulated activated 
carbon (beloW), resulting in more O&M cost as Well as air 
pollution (the volatile organics are transferred into the 
atmosphere). 

[0009] Granulated activated carbon (GAC) acts positively 
on volatile and non-volatile organics like pesticides, is 
positive on pathogens, and can be reactivated in most cases. 
HoWever, GAC also requires re-supply of heavy, bulky 
material, typically has a large adsorption ratio, such as about 
1000 pounds GAC to 1 pound contaminant, and itself 
becomes a source of contamination of product Water if 
alloWed to saturate. Furthermore, saturated GAC is a haZ 
ardous Waste product and must be handled as such, espe 
cially When considering issues such as transportation, dis 
posal or reactivation cost. 

[0010] LoW and medium pressure mercury vapor ultravio 
let (UV) radiation is also effective at reducing pathogen 
levels, but only very slightly effective at breaking doWn or 
removing organic or synthetic organic compounds at prac 
tical ?oW rates. Sometimes UV is used as part of a polishing 
loop on larger treatment systems. HoWever, as a practical 
matter, use of UV radiation in the past has been impossible. 
These systems are not practical for chemically contaminated 
Water, the required loW pressure lamps are typically not self 
cleaning, Would require hundreds of lamps to equal the 
dosage of a lamp of the present invention, and provide a 
larger footprint for any type of remediation application. 

[0011] Furthermore, current UV technology is not energy 
ef?cient. To remediate chemically contaminated Water, hun 
dreds of thousands of Watts are needed for loW ?oWs such as 
240 gallons per minute. In addition to said poWer require 
ment, enormous amounts of additional oxidants, such as 
hydrogen peroxide often at rates of as many as tons of 
additional oxidant per year, must be added Which also 
contributes to the high operating cost. 

[0012] OZone saturation is positive on pathogens and 
leaves no dangerous chemicals in the Water. HoWever, 
providing a system Which injects oZone into a Water supply 
or stream requires a physically rather large footprint and is 
complex to build and operate, involves high operation and 
maintenance costs, involves the production of oZone - a 
dangerous and reactive gas, and is not practical on chemical 
contaminants alone. 

[0013] Finally, the use of chlorine (Cl) is knoWn to kill or 
otherWise render pathogens harmless, but has no remedial 
effect on chemical contaminated Water except for elimina 
tion of cyanides. Current competing technologies for chemi 
cal contamination of groundWater include reverse osmosis 
(RO), air stripping, and Activated Carbon ?ltration. 
Although the popularity of reverse osmosis has gained 
substantially in market share in recent years, different tech 
nology solutions continue to dominate the various niches. 
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RO membrane production is dominated by a feW companies 
(DuPont, DoW-Filmtec, Fluid Systems, Toyoba, etc.), but 
there are thousands of companies that act as integrators of 
RO systems. FeW, With the notable exception of Ionics, 
Osmonics, and US. Filter exceed $100 million in revenues. 
Air stripping is a fairly loW technology alternative and is 
highly cost-effective, but is noisy, unsightly, pollutes the air, 
and has limited effectiveness in removing MTBE to EPA 
standard levels. Activated Carbon Filtration involves large 
quantities of carbon supplied by companies like Calgon, Inc. 

[0014] Pathogen removal is typically accomplished With 
the addition of chlorine, distillation techniques, or the use of 
banks of loW or medium pressure ultraviolet lamps. Distil 
lation suppliers include large European, Japanese, and 
Korean contractors and this technology excels at the 
removal of TDS. Current ultraviolet lamp suppliers include 
Aqua?ne, Fisher & Porter, and Puress, Inc. There exists a 
need for technology Which is more energy efficient and can 
simultaneously remove pathogens and chemical contamina 
tion. Such equipment could also be used to post-treat Water 
at desalination facilities to remove chemical contaminants. 

[0015] Traditional UV technology relies on loW and 
medium pressure UV lamps, similar to the ?uorescent lamps 
used in office buildings. Medium pressure lamps operate at 
higher poWer levels than do the loW-pressure lamps and, 
consequently, are slightly more efficient than the standard 
loW-pressure variety. The typical loW-pressure poWer ranges 
from 30 to 100 Watts While the medium pressures average 
3000 Watts. Both lamp types are knoWn as atomic line 
radiators. They produce light energy in very narroW Wave 
length bands at 10-20% electrical ef?ciency. Both types 
operate With A/C current and are controlled by electrical 
ballast. 

[0016] Though the lamp life is generally very long, main 
tenance cost are generally very high, especially in the case 
of loW-pressure lamps. Cleaning is the main problem. 
Lamps become fouled in the Water environment from pre 
cipitated dissolved solids and scum. This fouling action 
gradually reduces the UV output making the lamp useless. 
Therefore, these lamps must be removed on periodic bases 
and manually cleaned. Further more, loW and medium 
pressure lamps do not produce the radiative poWer levels to 
effectively dissociate the chemical bonds of contaminants. 
They ?nd their principle usage in the WasteWater reclama 
tion industry for biological degradation. At a single instal 
lation, these lamps are used hundreds and sometimes thou 
sands at a time, thus amplifying the operating and 
maintenance (O&M) costs. 

[0017] Improvements to this type of technology include 
enhanced chemical doping of the lamp to increase its UV 
conversion ef?ciency, improved cold cathodes to increase 
lamp life and improved reaction chambers or ef?uent chan 
nels to maximiZe dosage and throughput and to minimiZe 
head loss. 

[0018] The following US. patents are deemed relevant to 
the ?eld of the present invention: 

Patent No. Issue Date Inventor 

4,141,830 Feb. 27, 1979 Last 
4,179,616 Dec. 18, 1979 Coviello et al. 
4,230,571 Oct. 28, 1980 Dadd 
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-continued 

Patent No. Issue Date Inventor 

4,273,660 Jun. 16, 1981 Beitzel 
4,274,970 Jun. 23, 1981 Beitzel 
4,437,999 Mar. 20, 1984 Mayne 
4,595,498 Jun. 17, 1986 Cohen et al. 
4,787,980 Nov. 29, 1988 Ackermann et al. 
4,792,407 Dec. 20, 1988 Zeff et al. 
4,836,929 Jun. 6, 1989 Baumann et al. 
4,849,114 Jul. 18, 1989 Zeff et al. 
4,849,115 Jul. 18, 1989 Cole et al. 
4,913,827 Apr. 3, 1990 Nebel 
4,124,051 Jun. 23, 1992 Bircher et al. 
5,130,031 Jul. 14, 1992 Johnston 
5,151,252 Sep. 29, 1992 Mass 
5,178,755 Jan. 12, 1993 LaCrosse 
5,308,480 May 3, 1994 Hinson et al. 
5,466,367 Nov. 14, 1995 Coate et al. 
5,330,661 Jul. 19, 1994 Okuda et al. 
5,547,590 Aug. 20, 1996 Szabo 

[0019] Last teaches an apparatus for purifying liquid such 
as Water, in Which as ultraviolet light source irradiates air 
passing through a ?rst chamber surrounding the source, and 
then irradiates the liquid passing through the second cham 
ber surrounding the ?rst chamber. The air from the ?rst 
chamber is oZonated by the UV light, and this air is bubbled 
into the Water in the second chamber to maximiZe the 
puri?cation through simultaneous ultraviolet and oZone 
exposure. 

[0020] BeitZel teaches Water treatment by passing a mix 
ture of Water and air and/or oZone through a noZZle Which 
compresses and breaks up bubbles Within the ?uid mixture 
in a radiation housing, a holloW, cylindrical chamber located 
around an elongated UV light source. BeitZel also teaches 
Water treatment by passing a thin ?lm of Water in contact 
With a bubble of air containing air and oZone While concur 
rently radiating both the Water ?lm and the air/oZone bubble 
With UV radiation. 

[0021] Mayne teaches a method of feeding an insoluble 
organic solid material in the form of an organic resin or 
biological matter containing contaminating material such as 
radioactive Waste from a nuclear facility or from treatment 
of animal or plant tissue in a laboratory or medical facility 
into a vessel containing Water and, to Which ultraviolet light 
and oZone, preferably by sparging, are applied. 

[0022] Cohen et al. teaches a Water puri?cation system 
Which includes an ion-exchange unit for producing high 
resistivity Water, folloWed by oZone exposure and ultraviolet 
steriliZer units that oxidiZe organics and also reduce resis 
tivity, folloWed by a vacuum degassi?cation unit to restore 
high resistivity. 

[0023] Ackermann et al. is directed to a hydraulic multi 
plex unit for receiving continuously one or more samples of 
liquid from a liquid puri?cation system distribution system 
and redirecting such sample or samples randomly or in 
sequence to one or more analytical instruments. 

[0024] Zeffet al. teaches a method of oxidiZing organic 
compounds in aqueous solutions by using in combination 
oZone, hydrogen peroxide and ultraviolet radiation. Zeff et 
al. also teaches a method of oxidiZing toxic compounds 
including halogenated and/or partially oxygenated hydro 
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carbons and hydrazine and hydrazine derivatives in aqueous 
solutions by using in combination oZone, hydrogen peroxide 
and ultraviolet radiation. 

[0025] Baumann et al. teaches a process for breaking 
doWn organic substances and/or microbes in pretreated feed 
Water for high-purity recirculation systems using oZone 
Which is generated in the anode space of an electrochemical 
cell and treated With ultraviolet rays and/or With hydrogen 
(H2) generated in the cathode space of the same cell or 
hydrogen (H2) supplied from outside, for use in reducing 
elementary oxygen many form to harmless Water. 

[0026] Cole et al. teaches a process and apparatus for 
oxidiZing organic residues in an aqueous stream, comprising 
a chamber With an inlet and an outlet and dividers therebe 
tWeen creating subchambers, each subchamber having a 
source of ultraviolet light disposed therein, and means for 
controlling ?oW including ?oW through subchambers and 
means for controlling radiation to the ?uid, such as When the 
subchambers are closed and How is interrupted, and not 
When the subchambers are open such as during periods of 
How thereinto or therefrom. 

[0027] Nebel teaches a method for producing highly puri 
?ed pyrogen-free Water comprising dissolving oZone in 
Water, separating the gas and liquid phases, and exposing the 
oZone-containing Water to ultraviolet radiation to destroy 
pyrogen in the Water. 

[0028] Bircher et al. teaches a process for treating aqueous 
Waste or groundWater contaminated With nitro-containing 
organic chemicals to degrade the compound suf?ciently to 
permit disposal of the Waste or groundWater. 

[0029] Johnston teaches a process for removing haloge 
nated organic compounds from contaminated aqueous liq 
uids Which comprises contacting the contaminated liquid 
With a photocatalyst While simultaneously exposing the 
contaminated liquid to both acoustic energy and light energy 
to ef?ciently decompose the halogenated organic com 
pounds. 

[0030] Mass teaches a reactor for the treatment of a ?uid 
With a substantially uniform dosage of light from a line-type 
light source, and not a blackbody radiator, in a reactor 
housing With a central photochemical treatment region. 

[0031] LaCrosse teaches an ultraviolet enhanced oZone 
WasteWater treatment system in Which oZonated Water is 
mixed Within a multi-stage clari?er system With WasteWater 
to be treated and suspended solids are removed. The clari?ed 
ef?uent is ?ltered and exposed to ultraviolet radiation. 
OZone is injected into a contact toWer, Where reaction takes 
place, and the UV irradiated, oZonated and clari?ed liquid is 
recirculated through an oZone injector and discharged 
through a mixer plate into a purge chamber, from Where a 
portion is re-diverted to the system and a portion is dis 
charged through a diverter valve through a carbon ?lter and 
out the system. 

[0032] Hinson et al. teaches a tWo-stage, multiphase appa 
ratus for the puri?cation of Water Which may contain solid 
Wastes. Gaseous oxidant comprising oZone and oxygen 
initially removes the solids, and then resaturation With 
oxidant breaks doWn and destroys chemical and biological 
contaminants, prior to UV radiation, degassi?cation and 
rejection from the system. 
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[0033] Coate et al. teaches a portable system Which mini 
miZes the addition of solids to be disposed of through the use 
of oZone for contaminant reduction to basic elements after 
the pH value of the Waste Water to be treated is properly 
adjusted. OZone is combined With ultrasound to cause 
coagulation and precipitation. In another stage, oZone and 
UV light are used in a reduction process. Ion alignment 
using a magnetic ?eld and an electrochemical ?occulation 
process to Which the Waste Water is subjected causes further 
coagulation and precipitation. 

[0034] Okuda et al. teaches decomposition of an orga 
nochlorine solvent contained in Water by adding at least one 
of hydrogen peroxide and oZone to the Water and then 
radiating ultraviolet rays to the Water. A catalytic amount of 
a Water-insoluble barium titanate substance is caused to 
co-exist in the Water. 

[0035] SZabo teaches a UV based Water decontamination 
system With dimmer-control, in Which a UV based or dual 
mode Water system operates under household Water pressure 
to provide a batch treatment of contaminated Water. Treated 
Water is stored in a pressuriZed reservoir from Which it may 
be released for use. A pressure drop, or discharge of a 
suf?cient amount of the treated Water initiates another treat 
ment cycle. Apressure gauge linked to a UV lamp dimmer 
detects the pressure drop and causes the UV lamp output to 
change from a reduced-output, standby mode to an operative 
mode lamp output is also linked to ?lter backWash. The UV 
light may also be used to produce oZone Which is placed in 
contact With the ?uid through a helical tube. 

OBJECTS AND ADVANTAGES OF THE 
PRESENT INVENTION 

[0036] Thus, it is an object and an advantage of the present 
invention to provide a system for decontamination of Water 
by photolytic oxidation/reduction Which requires a drasti 
cally reduced operating footprint. It Would be desirable to 
provide one lamp Which can provide the same dosage that 
Would take hundreds of mercury UV lamps and can do so 
more ef?ciently in that most of the lamp’s blackbody radia 
tion spectrum is used (80%). In contrast, the mercury lamps 
of the prior art use a very narroW band of UV energy With 
an energy ef?ciency of 15-20%. 

[0037] Another object and advantage of the present inven 
tion is for decontamination of Water by photolytic oxidation/ 
reduction to provide UV blackbody radiation that ranges 
from about 0.75 million to about 9.0 million Watts of 
ultraviolet poWer (50% of peak poWer generated) at average 
poWers ranging from about 2,500 Watts to about 18,750 
Watts per lamp. These poWer levels Would easily provide 
enough energy per pulse to dissociate chemical bonds and a 
suf?cient number of pulses per second Will sustain the free 
radical chain reaction necessary to oxidiZe/reduce the con 
taminants. 

[0038] Another object and advantage of the present inven 
tion is to provide a system for decontamination of Water by 
photolytic oxidation/reduction thousands of times more dos 
age to destroy pathogens, at a loWer energy cost, than the 
standard, currently marketed, UV technology. 

[0039] Another object and advantage of the present inven 
tion is to provide a system for decontamination of Water by 
photolytic oxidation/reduction having a unique reaction 
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chamber design Which overcomes the problems of light 
absorption based on Water quality. In this Way, Water that has 
a high level of dissolved solids, that Would normally absorb 
little light energy, can be used Without any extra ?ltering or 
pretreatment. 

[0040] Another object and advantage of the present inven 
tion is to provide a system for decontamination of Water by 
photolytic oxidation/reduction Which can be produced in 
volume and inexpensively, resulting in loWer capital cost per 
unit. Another object and advantage of the present invention 
is to provide a system With loW operating and maintenance 
costs. Such systems Would operate automatically With mini 
mal maintenance. 

[0041] Another object and advantage of the present inven 
tion is to provide a system for decontamination of Water by 
photolytic oxidation/reduction to generate longer Wave 
length blackbody radiation poWer (P) output ranging 
betWeen about 0.45 million and about 2.7 million Watts 
(30% of the energy generated). 

[0042] Another object and advantage of the present inven 
tion is to provide a system for decontamination of Water by 
photolytic oxidation/reduction using high intensity broad 
band radiation to provide the absorption Wavelengths nec 
essary for disruption of essentially and effectively all 
organic bonds, resulting in high efficiency organic bond 
dissociation, With as much as or more than 80% of the total 
light energy generated used to oxidiZe the constituent con 
taminants. 

[0043] Yet a further object and advantage of the present 
invention is to provide a system for decontamination of 
Water by photolytic oxidation/reduction in Which an oxidant 
such as hydrogen peroxide is produced or formed in the 
reactor spontaneously or throughout the course of the pro 
cess, thereby enhancing the efficacy of the current systems. 

[0044] Yet a further object and advantage of the present 
invention is to provide a system for decontamination of 
Water by photolytic oxidation/reduction in Which deep pen 
etration of radiation, especially through the important micro 
bial kill bands, of the Water matrix in the system is achieved. 

SUMMARY OF THE INVENTION 

[0045] This invention is based on the ability of a high 
energy ?ashlamp to photodegrade chemical contaminants 
and destroy toxic and other organisms in Water. By adjusting 
the input energy, pulse duration, and pulse shape Waveform 
of the energy applied to the ?ashlamp, blackbody radiation 
mode, Which peaks in the deep UV, is attainable. The 
ioniZation of the ?ashlamp’s plasma is predominately 
caused by free-bound and bremsstrahlung continuum tran 
sitions in Which the bound-bound line transitions are super 
imposed. The plasma, being mostly continuum in nature, 
yields a high emissivity (0.98<e<1) across the UV-VIS-IR 
bands. 

[0046] Signi?cant differences betWeen the lamps used in 
the present invention and traditional UV lamps are that (1) 
the UV lamps have no phosphor coatings Which otherWise 
essentially serve to convert the UV energy into visible light, 
and (2) the lamp envelope is made from high purity or 
extremely high purity or synthetic forms of quartZ having 
SiO2>98%, or similar properties, Which alloW the UV 
energy to pass through. 
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[0047] A multi-pass reaction chamber design couples the 
high-energy light pulse to the contaminated Water. Each 
reaction chamber, containing at least one lamp, takes advan 
tage of the 360-degree circumferential radial radiation pat 
tern of the lamp. The reaction chamber also takes advantage 
of the non-Lambertian volume-emitter radiation pro?le of 
the lamp, at least to the extent of the quartz-Water total 
internal re?ectance (TIR). At 185 nm, the light intensity 
degrades by only 4% at 40° from lamp normal. In a 
Lambertian source, the intensity falls to 15% of maximum. 

[0048] Since the system is modular, extending the reaction 
chambers in a parallel or series fashion provides more 
reaction area and exposure time to accommodate higher ?oW 
rates and contaminant concentrations. HoWever, for more 
ef?cient oxidation, a method of adjusting the oxygen con 
centration, TDS and turbidity of the Water to optimal levels 
should be used before the Water reaches the reaction cham 
ber. 

[0049] The process can clean groundWater, surface Water, 
and WasteWater of toxic chemicals and dangerous pathogens 
quickly and inexpensively. Chemical contaminants are 
redox-ed into smaller, less complex molecules and are 
?nally redox-ed into safer compounds such as CO2, H20, 
and loW level organic acids, Which pose no health or 
aesthetic threat to drinking Water. In super high concentra 
tions, the contaminant concentration is drastically reduced to 
safe levels as established by the EPA. In the case of 
pathogens, the DNA/RNA of the bacteria or virus are 
destroyed instantly by the intense UV energy. This level of 
destruction prevents the pathogens from reproducing. 

[0050] Unlike other forms of Water remediation, the 
pulsed ?ashlamp photolytic redox technology is small, com 
pact, and environmentally friendly. Because the system does 
not generate loud or obnoxious sounds and is not unsightly, 
it can be placed in quiet neighborhoods, business districts, 
and “environmentally sensitive” areas such as national parks 
or other scenic areas. 

[0051] A signi?cant advantage of the present invention is 
increased UV ?ux. With the present system, just one lamp 
can generate up to or above 10 megaWatts of UV radiation 
having a continuous range of Wavelengths from betWeen 
about 185 nm to about 400 nm in a single pulse lasting only 
a fraction of a second. These pulses can be applied at a rate 
of about 5 to about 100 pulses per second resulting in 
ultraviolet dosages ranging from about 50 joules/cm2 to 
about 2000 joules/cm2. One lamp provides about 50 to about 
550 times the UV dosage as compared to loW and medium 
pressure lamps. Current technology uses hundreds of lamps 
to achieve similar UV dosage. 

[0052] It should also be pointed out that due primarily to 
a phenomenon called atomic line radiation, the loW and 
medium pressure mercury UV lamps of the prior art radiate 
at a feW narroW Wavelengths in the UV, namely about 185 
nm (on special lamps), 254 nm, and 365 nm. Typically, there 
are other Wavelengths present but their energy levels are 
negligible for purposes of utility in a practical application. 

[0053] On the other hand, the lamps of the present inven 
tion radiate in the ultraviolet domain essentially continu 
ously betWeen about 185 nm and about 400 nm, encom 
passing all the Wavelengths in betWeen in a blackbody 
radiation pro?le (continuum radiation). The present lamps 
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also radiate in the visible and infrared domains essentially 
continuously from betWeen about 400 nm and about 3 pm, 
at signi?cant energy levels, in accordance With the black 
body radiation pro?le. 

[0054] The present system uses one UV enhanced 
?ashlamp, and greatly outperforms the systems of the prior 
art. One UV enhanced ?ashlamp of the present invention is 
equivalent to about 250 of the prior art lamps. HoWever, the 
prior art lamps only radiate at a feW distinct Wavelengths in 
the UV, While the lamp of the present invention radiates at 
all the UV Wavelengths, as Well as, the visible and infrared, 
thereby providing a match for all of the signi?cant atomic 
absorption bands of the contaminants. The UV ef?ciency of 
a typical lamp of the present invention is about 48% to about 
52%. This corresponds With the amount of the output 
spectrum comprised of ultraviolet radiation. The visible 
ef?ciency is betWeen about 25% and about 30% While the 
infrared is generally about 5% to about 10%. On contrast, 
current UV technology is about 5 to about 15% UV ef?cient 
at the three predominate Wavelengths and these only radiate 
at rates in the millijoules/cm2 range. 

[0055] In a preferred embodiment, the system for decon 
tamination of Water by photolytic oxidation/reduction 
achieves deep penetration of radiation, especially through 
the important kill bands, into the Water matriX. This is 
especially useful in the Waste Water industry Where a greater 
distance betWeen lamps is possible. 

[0056] Because preferred embodiments of the present sys 
tem operates With only a feW lamps, not hundreds, it is very 
compact. It can easily be placed in an area such as a gas 
station, business park, apartment complex, private home, or 
even a national park and not be an eye-sore or source of 
obnoXious noise. This has a tremendous advantage over 
other technologies like air-stripping or carbon ?ltration, as 
these systems occupy a large amount of space and, in the 
case of air-stripping, generate great amounts of noise. 

[0057] An application to Which the present invention is 
particularly Well suited is the photodegradation of methyl 
t-butyl ether (MTBE), an ether compound. Its primary use is 
as a gasoline additive. Its primary function is to increase the 
available oXygen during combustion While maintaining the 
octane rating of the fuel. The terminal end of this molecule 
is electronegative making it very soluble in Water and 
therefore dif?cult to remove by conventional ion ?ltering or 
air-stripping. 

[0058] In a preferred embodiment, the irradiation of Water 
With blackbody irradiation, high in UV and other photore 
active bands, causes production of oXidiZing intermediaries 
such as hydrogen peroXide and free hydroXyl radicals. As 
opposed to systems Which require injection or metering of 
such oXidiZing agents into the contaminated Water to be 
puri?ed, such as in an oXidiZing reactor, the present inven 
tion utiliZes the broadband radiation used for photo-decom 
position and degradation of contaminants to form its oWn 
oXidiZing agents from the Water itself, resulting in increased, 
enhanced and residual oXidative decontamination function 
as Well as loWered operating costs. 

[0059] Embodiments of the present invention range in siZe 
and capacity betWeen small under-sink home units and large 
700+ gallon per minute systems for installation on municipal 
Wells. Flashlamp replacement is at time intervals, typically 
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from betWeen about monthly on the large scale systems and 
about yearly on the home products. 

[0060] In a preferred embodiment, a 20 gallon per minute 
product addresses a high priority market, i.e., MTBE plume 
remediation. This embodiment can be used in conjunction 
With a shalloW Well that pumps groundWater from the 
contaminated aquifer, such as from beneath leaking gas 
station storage tanks, treats the Water to remove the MTBE 
and then discharges the Water back into the aquifer. The 
embodiment is small, self contained, Weighs about 350 
pounds, or more or less, and utiliZes safety and self diag 
nostic features to ensure effective Water treatment. Similar 
embodiments are used to target the small scale drinking and 
Waste Water treatment markets. 

[0061] In another embodiment, a 700 gallon per minute 
embodiment services large-scale domestic and foreign mar 
kets. When connected directly to the Well head of a munici 
pal Water supply, for eXample, this energy ef?cient embodi 
ment Will run continuously under the most adverse and 
varying conditions. 

[0062] Numerous other advantages and features of the 
present invention Will become readily apparent from the 
folloWing detailed description of the invention and the 
embodiments thereof, from the claims and from the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] FIG. 1 is the blackbody response relative spectral 
eXitance of a preferred embodiment a blackbody radiator of 
the present invention. 

[0064] FIG. 2 illustrates the blackbody dosimetry 
response over the UV interval of a preferred embodiment a 
blackbody radiator of the present invention. 

[0065] FIGS. 3 and 4 illustrate representative selected 
pulse durations and poWer density and lifetime curves. 

[0066] FIG. 5 illustrates general coef?cient of absorption 
(CoA) curves for ground Water. 

[0067] FIG. 6 is a representative ?eld layout draWing of a 
preferred embodiment of the present invention shoWing 
photolytic redoX method and apparatus for contaminated 
Water remediation. 

[0068] FIG. 7 is a representative sensor layout draWing of 
a preferred embodiment of the present invention for con 
taminated Water remediation. 

[0069] FIG. 8 is a representative isometric vieW of a 
preferred embodiment of a reaction chamber of the present 
invention. 

[0070] FIG. 9 is a representative front end vieW of a 
preferred embodiment of a reaction chamber such as shoWn 
in FIG. 8. 

[0071] FIG. 10 is a representative section vieW of a 
preferred embodiment of a reaction chamber such as shoWn 
in FIG. 8. 

[0072] FIG. 11 is a representative section vieW of a 
preferred embodiment of a lamp head of the reaction cham 
ber such as shoWn in FIG. 8. 




































